Hering (1829, 1832) obtained circulation times by detecting injected samples of potassium ferrocyanide by the Prussian Blue reaction, as quoted by Dow (1956) . Stewart (1894) extended the work of Hering and was able to measure the cardiac output by a quantitative determination of the dilution of a solution of salt injected intravenously. It has taken many years since Stewart's time for the indicator dilution technique to become clinically accepted, and this is but an indication of the many problems that had first to be solved, not least amongst which has been the improvement of recording devices. This paper deals with the assessment of mitral regurgitation by the indirect indicator technique with special reference to the Shillingford Index (Shillingford, 1958) .
final concentration of dye in the plasma after complete mixing. If the logarithm of the concentration is plotted against time, the fall-off slope forms a straight line which can be extrapolated to determine the disappearance time of dye following one circuit. This important fact, first realized by Hamilton (1932) and his group paved the way to accurate quantitative and qualitative uses of the method. Many disease processes, both acquired and congenital, change the basic shape of the curve, but in this paper only the effects of valvular incompetence are considered with special reference to mitral regurgitation.
With a significant degree of valvular incompetence Korner and Shillingford (1955) have shown that for a given volume and forward flow the peak of concentration is lower than normal, (Fig. 4) to the appearance time would be the " Regurgitant," or better the "Dispersal" Index. In Shillingford's hands, with a ratio of 3 0 or less no significant regurgitation was present, with a ratio of 4-0 or more moderate regurgitation was present, and with a ratio of 6-0 or more considerable regurgitation was present.
The advantage of this method is that the result is quickly and easily obtained. No The clinical findings, electrocardiogram, and radiological and catheter results were assessed, particular attention being paid to the presence or absence of a systolic murmur at the apex, a third heart sound, the type of apex beat and enlargement of the left ventricle. A diagnosis of the presence or absence of mitral regurgitation was made, and a clinical assessment of the severity recorded. This was compared with the dispersal index of the dye curve (TableI).
As control, the dispersal index was worked out in seven patients with normal hearts. Twenty-three of the fifty cases of mitral valve disease came to operation, and at mitral valvotomy the degree of regurgitation found by the surgeon was noted.
RESULTS
The dispersal indices in the seven patients with normal hearts were all less than 3 0. Agreement between the dispersal index on the one hand and clinical or operative findings when available on the other, was good only in those cases of gross or moderate mitral regurgitation. There were twelve examples of moderate or gross mitral incompetence, and of these eleven had a dispersal index in excess of 3 4, eight cases having a dispersal index of over 4 0. Very poor agreement, however, was found in the thirty-eight cases without any or with slight mitral regurgitation. Fig. 5 showed the effect of plotting the dispersal index of the operative and non-operative cases against the actual findings.
DISCUSSION
As noted by Shillingford, in ideal circumstances an uncomplicated case of mitral stenosis (Fig. 6) will produce a curve with a dispersal index of 3 or less; similarly a gross case of mitral regurgitation (Fig. 7) will have a dispersal index of approximately 6-0. These patients, however, the conclusion that grossly misleading information may be yielded by this method. We would draw particular attention to the large number of patients with no clinical evidence of mitral regurgitation, confirmed at operation, in whom high dispersal indices were obtained (ten out of sixteen). The important fact is that dye curves in valvular regurgitation are deformed, but there would appear to be good reasons for believing that this is not of necessity related only to the degree of regurgitation. Conn et al. (1957) have shown that with equal grades of artificially created valvular regurgitation, quite different shaped curves can be obtained. It is probable that the deformity of the curve is produced by poor mixing of dye in the left atrium and by the end-diastolic residual volume.
In Table lI , the dispersal indices of the twentyeight patients without mitral regurgitation assessed clinically and confirmed at operation in sixteen, are compared with the size of the left atrium and overall size of the heart shown radiologically. As can be readily seen those cases with the higher indices were all associated with considerable left atrial and overall cardiac enlargement. In two patients, however, with a dispersal index of 3*7 and 3 8 only moderate enlargement of the left atrium was present. Conversely, although in the main patients with less enlargement of the left atrium and heart as a whole had lower dispersal indices, this did not always hold true, for in three patients indices of 2-6, 2-8, and 2-9 were associated with considerable radiological enlargement.
It is thus apparent that the dispersal index must be interpreted in association with an approximation of the size of the left atrium. Using a model circulation Phinney et al. (1961) have demonstrated that mixing of dye particles is incomplete in larger atria. Shillingford (1961, personal communication) believes that under these circumstances the passage of the dye is only slightly increased so that the appearance time is not lengthened in relation to the spread of the curve.
There are, therefore, two factors of importance operating in determining the ultimate dimensions of the dye curve, namely, the presence or absence of mitral incompetence and the size of the heart. It is probably untrue to suggest that the dispersal index is a measure of cardiac size alone but a high dispersal index may be obtained in patients with mitral stenosis without incompetence who have atrial fibrillation, an enlarged heart and a lowered cardiac output (Fig. 8) , a fact I have used to confirm a myocardial factor.
While this paper has only dealt with the dispersal index of indicator dilution curves as suggested by Shillingford, the same objections presumably must apply to all other indirect indicator dilution techniques, for the principles underlying them are the same. What holds good for the circulation model often is not confirmed in clinical practice.
It remains to be seen whether sampling blood from the left atrium at the same time as injecting dye into the left ventricle (Kuykendall et al., 1957) will provide more accurate information about the degree of mitral regurgitation.
SUMMARY
Indirect indicator dilution techniques in the assessment of valvular incompetence are reviewed. The degree of mitral regurgitation shown by the dispersal index (Shillingford) is compared with the clinical, catheter and operative findings in fifty consecutive cases of mitral valve disease. Poor correlation was found, and the causes for this are stressed, with special reference to the size of the left atrium.
